List of Tables

List of Figures
. Household food security is not assured. There is interest by communities and the government to rehabilitate the landscape as a means of establishing tree-based farming systems to diversify farming systems, obtain food security, enhance livelihoods, improve soil and water conservation, and provide other ecosystem services. However, the harsh environmental conditions limit the success of land rehabilitation programs in East Sumba.
Generally, there are two approaches in land rehabilitation, i.e. by tree planting and by farmer management of natural regeneration. Tree planting is the common approach conducted by many agencies, while the costs is higher than with natural regeneration, tree establishment and growth can be accelerated. While the natural regeneration has low cost, in most cases it require longer time achieve the same impact. The best approach is to combine those two approaches in land rehabilitation. In the case of East Sumba, both approaches have been implemented, however when each approach is appropriate and how the two can be used synergistically needs to be studied and evaluated. Over the past 30 years, tree planting programs have been implemented by various actors to rehabilitate the degraded areas of East Nusa Tenggara (including East Sumba), however the successful rate have been low due to the barriers in the implementation of land rehabilitation programs (Hutabarat, 2006 The IRED project targets to directly benefit 3,000 farmers and indirectly benefit more than 10,000 community members in ENT Province. The program use agroforestry to restore grazing lands across 5,000 hectares and drive increased productivity (IRED project description, 2015). In the IRED project, effectiveness of tree planting for food security, livelihoods and environmental services (ESs) enhancement are promoted through community nursery development and demonstration trials.
Agroforestry extension activities and approached are conducted to achieve the project targets.
In East Sumba, farmers have limited accesses to farm management and technology and markets. District agricultural extension agents are also have limited knowledge on tree-based production systems and environmental services (ESs). Thus, this study is conducted to provide baseline information on agroforestry extension needs to support the successful of agroforestry project goals for land rehabilitation in East Sumba. Result from this baseline is expected to help in the implementation of those identified needs in the next 2-3 years, specifically in Haharu subdistrict, and generally in East Sumba district. The main source of livelihood for the people in Haharu district is agriculture (83%), followed by livestock (9%) and fishing (8%), see Table 1 . Sumbanese is the dominant ethnicity in the area, with
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Sumbanese used as the main language followed by Indonesian.The average level of education in Haharu subdistrict is elementary school. Forests in the subdistrict are mainly located in Napu village with 3,375 ha production forest and 14,231 ha protected forest. Based on Haharu subdistrict in Figure 2014 data, peanuts, cassava, sweet potato, maize, rice and mung beans are the short term food crops that contributes to local people livelihood in Haharu (Figure 3. ).
Total production of food crops from 2009 to 2014 is still considered low due to the low total areas planted, although its productivity is considered to be at the same rate or even higher than the average productivity at district level, particularly for peanuts, cassava and sweet potatoes. Total area for food 
 Forestry and Estate Crops Department of East Sumba district (collect information related to
Forestry Department program that link to Tree Planting).
 District Extension Agency, East Sumba district (collect information on number of extension officers, the programs, capacity building needs related to Tree Planting).
 Wahana Visi Indonesia (WVI), Lutheran World Relief (LWR), and Yayasan Tananua (collect information on Tree Planting and FMNR implementation, progress, challenges, and potential activities that related with capacity building).
(iii) Statistics information on demographics, agricultural production, and forest resources in East Sumba district was obtained from the district statistic office (Badan Pusat Statistik, BPS). 
Tree planting programs received by farmers and its barriers
At village level, many tree planting programs have been implemented in the past 10 years, however the tree survival rates were low. Based on the discussion with the farmers, seedling survival varied from 0% up to 50% (Table 4. ). However there is no systematic document on the seedlings survival rates. The numbers given by the farmers were estimation based on their perceptions. From field observation and discussion with the villagers, the locations of the successful trees plantings were near springs, rivers, beaches and in flat fertile land. Tree species which survived near rivers and on flat fertile land were those with economic value (coconut and other estate crops), while those that survived near springs are species with less economic value but have high potential to protect the springs.
Low numbers of survival rate of the planted trees were basically due to some barriers occured during and after tree planting programs. Based on discussion with villagers, fire is the most common barrier particularly in Kadahang and Rambangaru, cattle disturbances is the second most important barrier, limited water resources as the third, plant pests and diseases as the fourth and soil fertility as the fifth.
In Rambangaru limited availability of quality seedlings is also an important tree planting barrier. In
Kadahang, human resource is a key barrier, specifically the limited knowledge on livestock management and fire control. There is opportunity to implement trainings to improve farmers'knowledge on livestock management and fire controls. Based on their experience and learning during the last 10-20 years, most farmers feel the subsequent 10-20 years will be better in regards to food security, control of fire and tree cover (Table 5. ). However, they feel problems with water resource and cattle grazing issues will not be better in the next 10-20 years, particularly if there is no assistance to explore ways of addressing those problems. Thus, any assistances or extension services on water resources and cattle management becomes important to increase the success of tree planting programs in Haharu. According to farmers, they have not yet received direct economic benefits from tree planting, because the trees are still young. However, they expect to benefit in the next 20-30 years from past tree planting activities, through: (i) increased family income; (ii) exsistence of on-farm timber resources for their own use; and (iii) sale of timber. Besides economical benefit, they also expect to gain environmental benefits such as cooler air temperaturse, comfortable atmosphere, and decreasing problems of drought.
Farmer-managed natural regeneration program
Farmer-managed natural regeneration (FMNR) is a land-restoration technique that increasing food and timber production, and involves the systematic regeneration and management of trees and shrubs from tree stumps, roots and seeds (Rinaudo, 2012) . In Haharu subdistrict, WVI introduced the FMNR via the
INFOCUS (Increase Food Security within the Community through Sustainable Livelihood and Natural
Resource Management System) project with main objective to motivate farmers to plant and maintain trees in their landscape. Cattle grazing and fire are the barriers to successful FMNR implementation in Haharu. FMNR is also known as "palotang" in Sumbanese.
Under palotang program farmers are trained to to develop healthy trees through pruning and thinning.
Farmers were required to prune trees monthly, with every HH required to maintain 600 trees. Farmers located their palotang sites in areas with less fire and cattle issues. The maintained trees were marked with string and monitored every month.
Currently farmers have few palotang sites that were pruned and thinned, and they are still monitoring tree growth of the previous palotang sites. Based on discussion with the farmers, the growth of the trees are good, however most of the prunned trees are trees with low economic value, thus they have not yet received direct monetary benefit from the palotang program. They have received knowledge benefits regarding tree maintenance. In the future, the farmers will implement the knowledge they received through palotang in their own garden.
Extension needs for land rehabilitation in Haharu subdistrict
Based on villagers perspective
Based on discussion with the villagers, many extension activities are conducted by numerous organizations in the subdistrict covering forestry, agricultural, fisheries and livestock management (Table 6. Most of the farmers think that extension services have some limitation particularly on conveying new technologies that are needed by the farmers. Based on the discussion with farmers, we identified the needs through 2 different approaches (Table 7. ). First by asking directly the topics they want to learn, and the second by evaluating their needs based on review of their dry season livelihood strategies.
Farmers' dry-season livelihood strategies are of the utmost importance as that is when drought, food insecurity and limited income generation opportunities occur. Based on the discussion with extension officers, in facilitating the tree planting programs in Haharu subdistrict, most barriers are biophysical such as soil conditions, climate and water resource, topography and fire. Social barriers were also encountered, particularly those related with grazing management and fire control. Of those barriers, soil conditions are considered the easier and faster to solve by using organic fertilizer and soil supplements (biomass transfer) for improving fertility. Grazing and fire can also be addressed by developing and applying village and district level regulations. Barriers that related with climate and water resource are the one that more difficult and need longer time to be solve. Thus, the short-term extension needs for farmers is to support how to enhance farmers' knowledge in manipulating soil fertility by applying organic fertilizers and for communities is the development and application of appropriate grazing and fire managemtn regulations.
Extension officers feel that their knowledge and capacity need to be enhanced in order to provide better extension services to communities. Lists of training and extension needs for extension officers in
Haharu subdistrict as identified in this survey are provided in Table 8 . Tree nursery and production of organic fertilizer are the topics directly related to agroforestry for land restoration. 
Potential agroforestry programs for land rehabilitation in Haharu subdistrict
On average the level of education of most farmers in Sumba is elementary school. Thesurvey found that the most appropriate extension approach for those farmers is introducing more practicals technologies via establishing demonstration trials and also via field visit to successful farmers. Those two approaches can be implemented via agroforestry farmer field school, as have been implemented by Martini et al. For the case of East Sumba, the main topic for the agroforestry farmer field school should be focused on land rehabilitation -tree planting and enhanced management of agroforestry systems.
The first step in planning an agroforestry farmer field school, is to identify the priority species in each village -both the tree species and short term crop species that can be intercropped under agroforestry systems. Farmers' capacity and knowledge on tree and system management need to be enhanced via agroforestry farmer field school. After farmers' capacity is enhanced, the next step is to establish agroforestry demonstration trials. Demonstration trials need to be established via participatory and voluntary approach which is including farmers from designing the plot up to maintaining the plot.
Priority plants species
In a land rehabilitation program, priority plants species can be selected by observing type of plants that are abundant and grow well in the landscape, and plants that are prioritized by farmers. Selecting plants prioritized by farmers will enhance farmers' participation and motivation in managing those species.
Farmers are more willing to invest their efforts and time if they have been involved in the selection process and see the potential benefits of those species for improving their livelihood and increasing their income.
Based on the discussion with farmers, many of the tree species currently abundant in Haharu subdistrict have low economic value, such as mangrove species (Sonneratia spp.), johar, kehi, lobung (see Table   9 ). Yet, farmers recognize that many of the tree species with low economic values have high environmental value. The fruits for homeuse and market sale as nuts and copra; timber for house construction, leaves for roof, fibre for ropes, coconut oil, broom. Injuwatu and kosambi are two interesting species that occur naturally in the landscape and grow well under the harsh climatic conditions in Haharu subdistrict. Both species have economic values; however, the growth of those species is quite slow and required time to reach size of economic value. While minggit and coconuts have faster growth compared to kosambi and injuwatu, the economic value of their products are low. Thus, currently farmers are more interested to new introduced species that can grow fast and well under Haharu conditions and have better economic value, such as timber trees, cashew, and breadfruit. Timber trees are for long term income, while cashew, betel nut and breadfruit are expected to provide annual income starting 5-10 years after establishment (Table 10) . While for monthly income farmers are expected to gain benefits from planting short term plants such as mung beans, peanuts, shallot, garlic, tomato, and maize. Source: Secondary data from FGD with farmers in 7 villages in Haharu subdistrict
Agroforestry Farmer Field School for land rehabilitation
Based on the household survey to farmers in Haharu subdistrict, 90% of the surveyed farmers selected farmer field school as one of the training method applied in Haharu. The survey showed that most of the respondents preferred extension methods that contained practical sessions and face-to-face discussions. The concept of farmer field schools, which uses participatory training techniques to achieve learning objectives, fits well with farmers' needs for innovative extension approaches. Agroforestry farmer field schools can be an effective extension approach to enhance farmers' capacity in managing their gardens for higher and sustainable productivity (Martini et al., 2016) .
Based on the experience with agroforestry farmer field school (AFFS) implementation in South and Southeast Sulawesi Martini et al. (2016) showed that 97% of the respondents gained benefit from attending AFFS. New and reliable knowledge or information was perceived as the most important aspect motivating farmers to attend AFFS. After one year of AFFS implementation, 14% of respondents had generated cash benefits from testing new knowledge learned from AFFS. The amount of money generated depended on the type of knowledge tested. Fertilizing and pruning were important techniques that yielded cash benefits for farmers in the short term (within one year). The evaluation concluded that following AFFS activities implementation, a minimum of one year of facilitation would be required to assist participants to effectively test and adapt the new knowledge learned.
For Haharu case, the focus of the AFFS topics can be identified based on the agroforestry extension needs identified at farmers and extension agents level. As explained in the above sections, topics on tree management of species priority can be combined with other important topics that related with technologies to improve agroforestry role to support livestock management, fire control, and increase the number of trees in the landscape.
Agroforestry demonstration plots for land rehabilitation
Agroforestry is a landuse option that can provide multiple economic and environmental benefits to farmers (de Foresta et al., 2000) . In small size garden plots, agroforestry can provide benefits from a diverse range of tree and annual species. By combining timber species that provide annual income with annual crop species that provide a short term income, agroforestry systems are expected to improve the livelihood of the owner of the plot. If agroforestry systems are scaled up from the plot to landscape level, it will provide more environmental benefits for the landscape, such as better soil fertility and better microclimate which are essential to support the land rehabilitation programs.
Normally, each farmer develops their own agroforestry systems based on their knowledge, experience and motivation. Radandima (2001) indicated that knowledge and experience of farmers have become the basis for development of Agroforestry program in Sumba. Although, the knowledge and experience of each individual farmer is still limited. Farmers' knowledge could be enhanced particularly on agroforestry concept, crop intercropping and management, selection of priority species, soil fertility management, and propagation of quality seedlings. The establishment of demonstration plot in each sub village would be an appropriate channel to enhance farmers' knowledge via agroforestry extension programs, and this has been applied in ICRAF project sites in Sulawesi, Indonesia (Martini et al., 2014) .
In the agroforestry demonstration plots need to be designed according to the existing plot conditions.
In the case of Hararu, East Sumba two general conditions and respective approaches are summarized here.
1) If the land is degraded with tree canopies less than 25%, fast growing, sun tolerant tree species that have economic value should be planted, such as coconuts, jackfruit and candlenut. Kehi (Lannea coromandelica) can also be planted as living fence for providing shade and barrier to cattle; additionally kehi is resistant to fire. Annual crops such as mung beans, maize, and peanuts can also be planted in between trees to provide short term income for the farmer.
2) If the tree canopies have reached 25% to 50%, shade tolerant crops should be planted, such as pepper, cocoa, coffee and nutmeg can be planted under the existing trees.
Discussion with extension officers in BP3K Haharu resulted in recommendations for developing demonstration trials (Table 11. ). These areas are mostly have 25% of tree canopies, thus option two from above can be applied. Planning, assessment of plot conditions, and implementation must be conducted with farmers, who are the ultimate users and adopters of the technologies being tested.
Farmer participation during planning, establishment and management is a must to maximize commitment, learning and innovation. 
CONCLUSIONS
Results showed that barriers in land rehabilitation are primarily related to limited water resources, poor soil fertility, cattle disturbance, fire, limited facilitation to ensure the sustainability of tree planting program, and limited quality seedlings. Based on those barriers, immediate extension needs for land rehabilitation in Haharu subdistrict are (i) to enhance farmers' knowledge regarding soil fertility improvement through the use of organic fertilizers and (ii) the development and application of appropriate grazing and fire management regulations. Training and capacity building activities for enhancing extension agents' knowledge on tree nursery development and organic fertilizer production will enable extension agents to assist farmers to rehabilitate land through agroforestry.
Agroforestry farmer field school is a key options of extension approach that is requested by farmers to enhance their knowledge and capacity to manage their garden and for land rehabilitation in Haharu subdistrict. In the agroforestry farmer field school, topics on tree management of species priority can be combined with other important topics that related with technologies that can improve agroforestry roles to support good livestock managements, controls fire, and increase the number of trees in the landscape.
Integrated with the agroforestry farmer field school, demonstration trials on agroforestry are expected to be established in each sub village as an interactive media between farmers, extension agents and researchers to learn about agroforestry practices that can help to rehabilitate land in Haharu subdistrict. Extension agents and farmers need to work collaboratively and intensively to ensure farmer participation and learning during planning, establishment and management of the demonstration trials.
Type of agroforestry system that can be developed in the demonstration trials can be assessed from combination of priority species that farmers are interested in. Currently farmers are more interested with new introduced species that grow fast under Haharu conditions and provide a good economic return, such as timber trees, cashew, and breadfruit. Timber trees are cultivated as long term income, while cashew, betel nut and breadfruit are cultivated to provide annual income starting 5-10 years after establishment. For short-term (weekly to monthly) income farmers plant short rotation crops such as mung beans, peanuts, shallot, garlic, tomato, and maize.
In summary, the following are recommended:
1. Enhance farmers' knowledge regarding soil fertility improvement through the use of organic fertilizers;
2. Development and application of appropriate grazing and fire management regulations;
3. Provide training and other capacity building activities for extension agents regard tree nursery development and organic fertilizer production 4. Continue assiting farmers with the introduction, testing and adoption of tree and annual crop species that provide economic benefits; Email: icraf-indonesia@cgiar.org • www.worldagroforestry.org/region/southeast-asia
